Abstract
Introduction
The transmission line is the carrier of the power transmission and an important part of power system. The frequency parameters contain zero-sequence impedance, positive sequence impedance, zero sequence admittance and positive sequence admittance. With the fast development of power system, the modern power systems are becoming more and more complex and enormous and transmission lines are also increasing. As a result of the line corridor limited, more and more transmission lines with mutual inductance appear. How to control the power system effectively in the safety, economic and reliable operation becomes the imperative problem. The accuracy of the parameters is the key for calculation of protective relaying, fault location, fault analysis, network loss calculation and flow calculation of electric power system [1] . Therefore, the accuracy of power system transmission line parameters is requested more and more rigorous. In the traditional measurement method of line parameter for power system, the measured circuit should be power cut and off the grid. At the same time, the positive sequence and zero sequence parameters must be tested by different measurements. All the methods apply test power supply in both terminals of transmission lines, utilize the voltmeter, ammeter, power meter, frequency meter and so on to measure each state of the circuit and use the corresponding formulas to calculate the corresponding parameters of line after manual meter reading. Only relying on the calculated parameter values, this measurement method should be accurate because of the elimination of the application of various uncertain factors, such as geological conditions, weather, and temperature. However, besides the drawbacks such as heavy measurement device, cumbersome operation, time-consuming and so on, power measurement not only affects the normal load power supply and the trend of optimization of distribution, but also in the measurement there exists potential safety hazard about both staffs and electrical equipment in the operation of breaking the circuit, grounding, closing and measuring process. Therefore, the convenient, accurate and effective measurement method of circuit parameters is increasingly urgently demanded.
Accurate calculation method is based on the structure, the material of the overhead conductors, the local temperature of the environment and so on, then the specific parameters itemized are substituted into the formulas, which is known as the precise calculation. Approximate calculation method needs to look for parameters of unit length of the line from manual or catalog search, which is called approximate calculation. Accurate calculation method should know and calculate parameters too much in advance, so its process is too cumbersome and too slow. And finally it evolves into a program running on the computer [2] . The measurement method is achieved by measuring the line parameters. The method of measurement has an unparalleled advantage comparing with the calculation method because the measurement method do not have too much to consider environmental factors, which means that the circuit under test can be regarded as a black box, and we only need to analyze input and output parameters to obtain the parameters of the transmission line. For online measurement method there are two main directions: first, incremental measurement method, integration measurement method, differential measurement method and so on for zero sequence mutual inductance parameter online measurement of the multi-circuit transmission line; second, from the transmission line equation, we can establish the relationship between transmission line frequency parameters and the voltage and current phasors of the both ends of the transmission line with the characteristic impedance and spread constant of the line through theoretical derivation, and thus we can obtain the transmission line frequency parameters. Here, we put forwards a measurement method based on the basic principle of the uniform transmission line equation. Uniform transmission line equation is more suiTable for online measurement, especially for on-line parameters measurements of long transmission lines. The measurement method based on the basic principle of transmission line equation is in the foundation of the uniform transmission line, using synchronous voltage and current phasors of the two terminals to solve line characteristic impedance and propagation constant directly, then to calculate the line length parameter [3] .
The Distributed Power Transmission Line Model Establish Analysis Research
In a transmission line, the current in resistance of the wire causes the voltage drop along the line, at the same time it produces changes in the magnetic field around the wire, and the magnetic field brings induced voltage along the line. Then voltages among the wire changes along the line continuously. On the other hand, as the wire capacitance exists between two lines, there is displacement current: if voltage between the two lines is high, the leakage current cannot be ignored. Thus, the current will be different in different places along the wire. In a word, in order to consider the current and voltage changes along the line, we must figure there are a resistor and an inductor in each unit of wire elements, and a capacitance and a conductance between the wires. This length unit element can be considered to be infinitely small, so it is to say the transmission line is a limit constituted by a series of lumped element, what is called a distributed parameter circuit model. The circuit parameters are considered distributed along the wire, so the circuit is called the distributed parameter circuit [4] . We assume the uniform transmission line is composed of a series of lumped parameter elements, which is to assume it is composed of many infinitesimal unit length elements. The transmission line is used to conduct the electromagnetic waves, and transmits the electromagnetic energy or electromagnetic signals at the maximum efficiency from the point directly to another point in the electromagnetic device. According to the different types of transmission waves, the transmission line can be divided into two types, which are two-conductor system transmission line transferring transverse electromagnetic wave (TEM wave), with the operating frequency meter band (limited by radiation loss) and single-conductor system transmission line to transferring transverse electric (TE wave) or transverse magnetic (TM wave), such as metal waveguide and media waveguide with operated frequency cm band [5] . If the conductor material of the transmission line, the cross-sectional shape, dimensions, the ambient medium and the relative position do not change along the transmission line, it is called a uniform transmission line. Each unit length element has a resistor and an inductor, and there are a conductance and a capacitance between the two lead wires.
Equivalent circuit of a transmission line
There is a uniform transmission line. The left end of the line connects to the power source, known as the beginning of the circuit; the right end of the line connects to the load, called the end terminal. In the two wires, one is called the come-line whose referenced direction of the current points from the beginning to the terminal, and one is called go-line whose referenced direction of the current points from the end terminal to the beginning of the line [6] . The set length of the come-line and the go-line are . We assume the parameters of per unit length are known as follows:
is the resistance of per unit length of the line; is the inductance of per unit length of the line; is the conductance between the two wires; and is the capacitance between the two wires. is the distance from the beginning of the line to the unit length of the elements discussed. Equivalent circuit of a transmission line should be classified into three conditions according to the length of the wire [7] . When the length of the line is less than 100km and the rated voltage of the line is less than 60kv, we call the line short transmission line. Fig.2 Equivalent circuit of the short transmission line medium-length transmission line
Fig.1 Equivalent circuit of
When the length of the line is between 100km and 300km and the rated voltage is between 110kv and 220kv, we call the line medium-length transmission line. The model is shown as Fig.2 . When the length of the line is between more than 300km, we should consider the distributed parameters and call the line long transmission line.
Fig.3 Equivalent circuit of the long transmission line
We conceive that the uniform transmission line is constituted by a series of lumped elements, which is also contemplated that it is composed by many infinitesimal unit length elements , and each element of unit length has a resistor and an inductor , and a conductance and capacitance between the two conductors. In the long transmission line, we assume the voltage and current on the left of are and , and the voltage and current on the right are and . According to the Kirchhoff's law, in the node B, we have
(1) For loop abcda, we utilize the Kirchhoff's law to get (2) Omit the second-order infinitesimal and , we can get ,
Equations above are the uniform transmission line equations, which is a set of partial differential equations. According to the boundary conditions initial conditions (i.e. conditions when the time starts), the solution of equation (1) is obtained to get the voltage and the current , which will be functions about the and . Then we can see voltage and current not only change over time, but also varies along the line. This is a significant difference between the distribution circuit and lumped circuit.
Sinusoidal steady-state solution of the Uniform transmission line equation
When the starting end voltage of the uniform transmission line is a sine function with the angular frequency , voltages and currents along the line anywhere must be sinusoidal functions about time of the same frequency [8] . Then phase method can be applied to analyse the voltages and currents along the line. We get , (4) In the formulas above, and are functions about and , which can be simplified into and , so the set of equations can be
In equation (5), is the impedance of per unit length, and is admittance of the unit length. For the phasors and are functions just about the distance , the partial derivatives of and can be written as the total derivative, then take the first derivative of in equation (5) to obtain a new set of equations (6) We assume , and take it into equation (6) to obtain (7) is called the propagation constant. The set of equations above is a set of second order linear differential equations with constant coefficients, so The general solution of the equation (7) has the following form (8) Utilizing equation (5), we can get the relationship between integration constants and , and . Equation (5) can be calculated to obtain . We can make , then , . is called the characteristic impedance or wave impedance. Both the characteristic impedance and the propagation constant are complex numbers. They can be used to characterize the main features of the uniform transmission line [9] .
The Methods of Transmission Line Parameters Online Measurements based on the Data of Both Ends
According boundary conditions we can determine the integration constants and . We assume the voltages and currents at the beginning and end of the transmission line known as , and , .
We make initiating terminal as a starting point for calculating the distance . At the initial point, the equation (8) 
After calculation, we can obtain results as follows, , . Synthesizing all the relevant contents above, we display both sides of the equation with a real part and an imaginary part, and utilize the real part and the imaginary part equal to the column to write equations and ultimately obtain parameter expressions of the transmission line. The resistance per unit length . The self-inductance per unit length . The conductance between lines per unit length .
The capacitance between lines per unit length .
Measuring the transmission line on the spot, we need voltage and current phasors of both sides of the three-phase transmission line. Then we can decompose to obtain the positive sequence voltage and current phasors. Then we can take them into equation (9) and (10) to seek positive sequence parameters of transmission lines [10] . The impedance matrix of the three-phase transmission lines' in-phase component is displayed as the formula (11). (11) There is (12) in which , , . For the full transposition transmission lines, their mutual inductive impedances between the phases are equal, that is, in the formula (11) . Thus we can derive in the formula (12) . It shows that the positive sequence impedance is equal to the negative sequence impedance in full transposition three-phase transmission line. At the same time, transmission line is a static element, so the positive sequence component phase and the negative sequence component phase are just different in phase sequence [11] . Then the positive sequence component phase and the negative sequence component phase of transmission lines are completely consistent.
The Establishment of -shaped Equivalent Circuit
The distributed parameter model of the line can be displayed by a -shaped equivalent circuit shown in Figure 4 .
Fig. 4 -shaped equivalent circuit
According to the Kirchhoff's law, we can obtain the parameters from figure 4 as follows: ,
When specific numerical values are measured, we can take error analysis of the π-shaped equivalent circuit by the partial derivative of the various parameters.
The Calculations and Results Analysis of Simulink in Matlab
After the research of uniform transmission line model, we can take advantage of simulation software to constitute model and simulate, and choose MATLAB software in this paper.MATLAB is a large software developed by the United States Mathworks. MATLAB software includes two parts: mathematical calculation and engineering simulation. Mathematical calculation section provides a powerful matrix processing and graphics functions. In the engineering simulation, MATLAB software supports functions almost throughout the engineering field [12] . Simulink is a powerful simulation tool, and it allows the user to simulate the real dynamic systems running in graphic mode to minimize the cost. Simulink prepares hundreds of reservation system link models, the most advanced and efficient integration algorithms and intuitive graphic tools. To build a uniform transmission line circuit model, we select the Simulink module library browser toolbar File-New-Model, open a new window of Simulink simulation platform, find the browser and drag the module to the simulation platform from Simulink module library window, proper alignment, and proper connections for the various modules in the window, then a simulation circuit can be formed. To build a simulation model of the process, we will use the following modules We can see that the two curves almost approximately coincide, the input current and output current differ not much either from the phase or from the mold, and only in waveform diagram after amplification, we can see a significant difference. We can see the input and output voltages are shown by one blue and one green sine curves, which have a more significant difference in phase and modulus value. Error calculated formula is .After calculating, we can obtain Table 1 as follows: Parameter of Three-Phase Programmable Voltage Source is set as 500V with frequency and phase unchanged and we can obtain Table 3 . We change the length of the uniform transmission line, and then simulate the model. When , we get Table 4 and when , we get Table 5 . From the calculated experimental data and simulation results, we can see the results calculated by deriving the formula close to given parameters. The two main causes of error are as follows: first, the resistance of line model is the lumped parameter; second, error is introduced to the complex arithmetic (particularly small plural). We can see when the length of line increases, the resistance per unit length is substantially constant, and the error capacitance between lines per unit length increases. Capacitance error per unit length between the lines also increases when the input voltage increases. In the -shaped equivalent circuit, we can take the voltage and current phasors into equation (13) to obtain the equivalent impedance and admittance [13] . In actual case, the phase of the voltages and currents of both sides measurement error generally is small, and the measured current phase error is generally no more than 5 '. We make the phase offset 0.1 , which is the error in the limiting case, only as reference. In the case of the other parameters constant, we make phase of float or up and down. We assume when the phase of increases , the results are and ; When the phase of it increases , the results obtained are and ; the results obtained are and when the phase is reduced ; When the reduction of the phase is , the results are and . We also can calculate the results when , or changes. From the results, we can see the changes of both ends of current have a large effect in the equivalent impedance and admittance, so we should remember to check the accuracy of the measured values of both ends of the current when we estimate impedance of the transmission line online based on principle of uniform transmission line. According to the above data, we can see when the information of both ends of the measurement error is within a certain range, the drawn the relative error of equivalent impedance and admittance is relatively small. We can think that the data is valid; the error has little effect in the actual calculation results [13] [14] [15] .
Conclusions
This paper summarizes and studies in depth the measurement methods of transmission line power frequency parameter, and also points out the advantages and disadvantages of each method. At the same time, it proposes the method which can measure frequency parameters of transmission line online based on information of both ends of the uniform transmission line, and derives reasonably formulas and utilizes Simpower in MATLBA to establish a circuit model for simulation, at last verifies the accuracy of the method from the results. 
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